ABSTRACT: Shelf arthroplasty is an old technique which by a classical approach, proposed by (Hip International 2007; 17 (suppl 5): S72-82) 
INTRODUCTION
The principle of shelf arthroplasty, proposed by Koenig in 1881 and published by Marcel Lance in 1925 (1), consists of applying a cortico-cancellous autograft to the anterosuperior side of the articular capsule. The goal is to reduce pressure on the cartilage by increasing the weight-bearing surface area. In the sixties, many authors (Castaing, Salmon, Judet, Roy-Camille, Rieunau, Chiari, Spitzy (2)) adapted the initial technique with the aim of better positioning and fixing the graft, without modifying the approach proposed by Lance, close to Smith Petersen's, that exposes much of the iliac crest. It seemed useful to us to make a less invasive approach in order to reduce the magnitude of the operation and its consequences (3); the simplification of this intervention might allow one to broaden its indications.
TECHNIQUE
First, the graft is taken on the anterior iliac crest by a small incision; second, the graft is prepared; third, by a minimal approach, it is fixed on the anteroexternal side of the iliac ala in contact with the extra-articular side of the capsule.
The patient's position
The patient is put in supine position, with the pelvis horizontal, on an orthopaedic table; with a gentle traction of approximately 20 kilograms (Fig. 1A) . The surgeon stands on the side of the hip to be operated on, with a homoscopy unit on the other side. An anteroposterior view is sufficient to control the guide wire direction and to position the shelf. The operative field shows the superior extremity area of the femur and the anterior zone of the iliac ala (Fig. 1B) .
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Removal and preparation of the graft Removal
The graft is removed with a 4 cm incision that starts 2 centimetres behind the anterosuperior iliac spine and goes on in the back, along the iliac crest. The removed graft, centred on the incision, is a 3 x 3 cm piece of bicortical cortico cancellous bone (Fig. 2 A-C) .
The graft inferior edge is obliquely cut (45°), from top to bottom and from the outside to the inside; the obliqueness and flatness of the free graft may need to be corrected ( Fig.  2 A-C) . The free graft is put in physiological saline solution, away from the light. The bone gap created by removal of the graft is replaced by a piece of bone hydroxyapatite substitute used for ostotomies of the tibia (Fig. 3A) . The substitute is stabilised by press fit ( Fig. 3 B-D) . The incision is closed up once the edges of the graft have been rounded and a careful hemostasis has been achieved.
Preparation of the graft
The external cortical side, slightly concave, will be applied against the capsule, with the inferior cancellous oblique edge against the iliac ala. The osteosynthesis is performed with a cannulated screw of 7.2 mm across and 
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6 cm long, used for the stabilisation of fracture of the femoral neck. The unthreaded part has to be 30 mm long, (equal to the graft), which provides a compression effect (Fig. 4) . The guide wire is put in the axis of the graft, perpendicular to the inferior edge so as to avoid any early contact between a graft angle and the external cortical of the iliac ala, which would reduce the surface of the osseous contact during the impaction. Then the graft is drilled and threaded according to the direction of the guide wire. The screw is then placed so that its head, fitted out with a washer, rests on the superior cortical of the graft. The thread should rest in the ileum and not in the graft. The graft, ready to be set, is once again kept in a physiological saline solution (Fig. 4) .
Setting up of the graft Approach
In order to reach the superior and anterior part of the acetabulum, it is advisable to use a guide wire under homoscopy, with a penetration point situated in the middle of a segment of a horizontal line with the top of the greater trochanter, limited on the inside by a vertical line going by the anterosuperior iliac spine and on the outside by the anterior edge of the greater trochanter (Fig. 5A) . At this point, through an incision over a 1 cm length, using a homeostatic forceps, create a space between the musculus tensor fasciae latae and the gluteus muscles until the capsule can be touched; the femoral vessels and the nervus cruralis are remote medially to the vertical line going by the anterosuperior iliac spine (4, 5) ; the cutaneo lateral nerve is on the medial part of the musculus tensor faciae latae. This approach is used for hip arthroscopy and minimally invasive surgery of the hip (6) .
Through this penetration point, under visual control by homoscopy, the head of the guide wire is put into contact with the external edge of the iliac ala, 5 mm above the subchondral bone of the acetabulum, 2 cm behind the anteroinferior iliac spine (located palpating with the guide pin) then directed at 45° from bottom to top in the frontal plane. Only one cortex is perforated, the pinpoint coming into contact with the opposite one ( Fig. 5 B-D) .
At this stage, the skin incision is extended 2 cm on both sides of the pin, parallel to the incision of the removal of the graft. An angled retractor is slid forward up to the top of the anteroinferior iliac spine; another one backward at the level of the superior part of the acetabulum, on both sides of the guide wire. Using the muscular tunnel so obtained, it is now possible to locate the musculus rectus reflected tendon perforated by the guide wire ( Fig. 6 A, B). This is dissected free using a right-angled forceps, divided on its superior part and folded forward (Fig. 6B ). The bone, on both sides of the pin, is whetted with pinches for spine and if needed a burr borrowed from the arthroscopy tools.
Positioning of the graft
The two cortices of the iliac bone are drilled (controlling at best any exceeding with a wedge on the drill 4 cm in depth), then threaded still using the wire as a guide which has to be put back into its place if it was unfortunately extracted.
The graft is introduced first by the short passage of 4.5 cm; the perforated screw is guided by the pin. The graft is correctly orientated and stabilised rotationally with a strong forceps; after checking that there is no muscular interposition, the screw is tightened so as to obtain a perfect compression of the cancellous-bone against the superior part of the acetabulum. Homoscopy enables one to check that the whole thread is really in the iliac ala with a good graft/bone contact. The screw is very stable and can be tightened firmly. The operation ends by suturing the two incisions (without a drain for the shelf approach), in order to preserve the osteoinductive power of the marrow. 
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Postoperative period
Partial weightbearing is allowed the first postoperative day. Bleedings are quite insignificant, an average of 40 cc in per-operative. The small muscular detachment and the filling of the bone gap makes the post operation period less painful. The patient can go home on the second day. A preventive antithrombotic treatment is not useful, if there is no history of phlebitis. No physical therapy programme needs to be prescribed if the patient is compliant. We recommend walking with canes for two months after the operation. Those who engage in forceful physical labour should not resume work before the third month.
RESULTS
These were gathered over an eight-year period: 76 hips were operated and have more than two years follow up; we have lost contact with 6 patients; the total series was 82 hips: age 18/52 years (average 32 years), 49 females/24 males; BMI 18.9/34.9 (average 23.6); Charnley classes A/B/C = 42/23/8. All patients had standard X-rays, TDM and MRI.
Postoperative days
The average hospitalisation period lasted for three days (1 day/6 days). In every case, the weightbearing started the 
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S77 day after the operation; no patient has been placed in a reeducation centre. The partial weight bearing with the use of canes lasted, on average, 38 days, which is less than the recommended period. Bleeding is particularly reduced (20-150 cc with an average of 82 cc for both approaches during the per-operative and postoperative period analysed by standardized method (7)). No transfusions were given.
Classification of the dysplasia
According the classifications of Merle d'Aubigne (or Ranawat (8) ) 68 hips present a dysplasia of the acetabulum (group I of Ranawat) and 8 a subdislocation (group II of Ranawat), excluding low, intermediary and high dislocation (group III and IV). The angle VCL of Wiberg has an average of 13° (-5° ± 21°); CCD 135° (130°/152°).
Classification of the osteoarthritis
OA X-rays severity has been assessed employing the Kellgren and Lawrence scale as: normal, mild, moderate and severe. 16/76 were normal, 52/76 mild and 8/76 moderate, none severe. 
Tear of the labrum
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Pain
Before the intervention the pain was usually moderate with an average Harris hip score of 76 (59/86). At the revision 57/76 (75%) hips had a completely painless hip without limiting their activity; 10/76 (13%) hips had an algo-functional Harris index over 80 and 9/76 hips (12%) had HHS under 80 (30-78 average 56).
Range of motion
Before the intervention no patient has stiffness of the joint. Flexion (120°/160° average 145°) and internal rotation (15°/35° average 25°) are facilitated by the anterversion of the neck and the dysplastic anterior part of the acetabulum. At one year follow-up the ROM is not altered as 12 patients present a diminution of an average of 10° of the internal rotation, remaining superior to the standard ROM.
Position of the graft
Fourteen shelves have been positioned at the limit of the cortical bone of the acetabulum (low graft), 62 between 2 and 5 millimetres higher (standard graft), none more than 5 mm (high graft). Four hips with high residual pain have a low graft.
Consolidation
71/76 (93%) shelves are consolidated with a unitive callus X-ray visible at three months (Fig. 7) . Five nonunion (6%) with 3 resorption of the graft and 2 with an early fracture of the graft were due to a lack of a washer, which caused the screw head to be driven into the graft. Only 3/5 nonunions had residual pain.
Complications
No paralysis of the thigh lateral nervous cutaneous, no hematoma, no phlebitis have occurred. One guide wire was broken without consequences. Four patients felt moderate pain from the graft donor site at the fourth month follow-up and no pain at one year. Twenty-two patients (30%) felt pain in the area of the screw which led to its percutaneous removal.
THA
Nine THA (12%) had to be performed during the studied period for high residual pain and total or partial gap of the cartilage. Four patients had a low graft, three a Wiberg angle under 5°, three irregular shape of the femoral head; four a tear of the labrum (these conditions were combined).
DISCUSSION
The screwed cortico-cancellous shelf technique has not been used commonly. Nevertheless, a comparable technique is used for the shoulder according to Latarjet (9) with a low rate of nonunion and necrosis. The gleno-humeral joint is more unstable than the coxo-femoral one and the screw used for the shoulder does not have as good holding as the 7.2 cm one that can be used at the iliac ala level. However, our technique is quite close to the screwed shelf one according to Castaing (10) . The concave external side of the graft takes the exact convex shape of the extra articular side of the iliac ala. The compression strengths in the screw axis are transmitted by the three shelf corticals. The cancellous surface, in contact with the whetted iliac ala, is quite wide thanks to a chamfer which brings better stability and consolidation; the muscular shape favours a good global integration of the graft; the results for our first 76 shelves show a quick graft integration (5 failures being due in part to a technical mistake; the screw head not having a strong enough holding without its washer).
Our discussion analyses the method's advantages and the morbidity before considering its indications.
Advantages Simple and reliable technique
The approach is located in a security area described in the first aim of performing hip arthroscopies (4); hip arthroscopy complications are uncommon and due to the use of an orthopaedic traction table (11, 12) . This approach is apart of Watson Jones', proposal for minimal invasive surgery by Rottinger (6) without damage to muscles.
The risk of injury to internal pelvic elements is small. Only one osseous table is perforated by the guide wire, its point sticking in the second table; thanks to the 45° orientation of the pin, the iliac vessels are not at any risk, in fact even if the medial cortical bone is perforated, the head is covered by the fleshy part of the musculus iliopsoas. A perpendicular direction to the iliac ala could, on the contrary, injure an arterial or venous lesion by detachment; the femoral vessels being located at the level of the pelvic inlet in the inside of the superior part of the acetabulum (Fig. 5D) .
The shelf positioning under control of a homoscopy prevents errors in height. Although the error rate in shelf positioning according to the various techniques is not mentioned in the writings, a too high shelf on the postoperative radiographies was frequently noticed while the operation was made open focus. The error, in the classical approach, is due to an insufficient dissection of the rectus femoris muscle reflected tendon. By MIS approach and fluoroscopic control, the error is a low position that increases localised pressure on the femoral head especially when the femoral head is not perfectly circular (Fig. 8 A, B) .
The MIS shelf is obviously a far less aggressive operative technique and creates less pelvic deformity than Chiari or a triple osteotomy. The technique is also easy for the surgeon to learn.
Simplified postoperative consequences
The small muscular detachment, both at the graft sample level and at the graft implantation point, reduces the postoperative pain as well as the per-operative bleeding and shortens the hospitalisation period. 
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Early loading and return home
The muscular strength is not impaired postoperatively; the articular mobility is not modified. A formal physical therapy program is not needed (Fig. 9 A, B) .
The evaluation of unipodal weight bearing X-rays of all our cases demonstrates that the femoral head was recentred slightly lateralised on dysplasic hips (13) . This moving towards the centre is due to the capsule passive stabilisation, from the neutral position to the extension, which takes support by spinning, on the labrum (14) , often hypertrophic in hip dysplasia (15, 16) and also due to the orientation of the muscular strength result (13) . Intraoperatively, we have noticed that the hip mobilisation is not constrained by the shelf, even in a 90° as long as the graft is properly positioned. The graft fills a bone gap of the anterior part of acetabulum and does not create a pincement with the neck; mobilities are not changed by the presence of the graft. The screw holding is excellent; the 45° chamfer gives close contact with the graft's inferior edge and strengthens the shelf stability during top to bottom constraints by a flying buttress superior effect.
So, the shelf during the loading is not excessively constrained by the femoral head, the operation by minimal approach does not or slightly impairs the passive or active stabilising elements of the hip. In those conditions, a partial and quick loading on the first day after the operation is possible.
Morbidity
The shelf arthroplasty is an old technique which, by a classical approach proposed by Lance, had a low morbidity rate. An infection rate of less than 1%, and a nonunion rate of about 7% without any major clinical consequences have been reported. However, lesion of the lateral cutaneous nerve rates approach 17% (17) . On the contrary we did not note any lesion of the lateral cutaneous nerve, either in the series of shelves or in hip arthroscopies that were used in a similar approach (4, 11, 12) . The use of a minimal approach should have a positive effect on incidence of infection and nonunion cases.
The use of a homoscopy is essential while waiting for the standardisation of the computerised navigation instruments; the exposure time remains low: it is necessary to obtain homoscopic control during the pin insertion, then during the shelf fixation to check if it is properly compressed.
For slim patients the screw can give anterior muscular pain which is repaired by removing it between the eighth and the twelfth month follow-up. No after-effects are due to the bone gap of the iliac crest, or to the presence of bone substitute (no pain, no substitute dislocation) (Fig. 3 C, D) .
Indications
Shelf arthroplasty was evaluated (10, (17) (18) (19) (20) (21) (22) . From long- 
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term results it emerges that the ideal indication is a young person presenting a moderate painful dysplasia without any sign of osteoarthritis on X-rays, with the hip keeping medialised in a single leg strain. The survival rate of these types of hips would be of 80 to 87% at a 16 years follow-up. Some authors also report a radiological improvement of more advanced osteoarthritis cases at moderate or severe stages (18, 21, 22) and above all a survival rate for 16 year of 60%. The technical simplification that we bring allows one to extend the indications to 40-or 50-year-old subjects suffering from a painful arthritis because of a dysplasia of the hip. In more than half of cases adopting this technique, it may delay hip arthroplasty for at least 10 years (Fig. 10) . The shelf arthroplasty should not cause any particular or technical problem for conversion in THA. An aesthetic scar, a short hospitalisation period and the possibility to return home without any physical therapy encourages the patient to consider this kind of surgery. (Fig. 9A) The minimal approach does not contra-indicate other surgical approaches for subsequent THA.
The simplification of the technique allows performing bilateral shelf arthroplasty at the same time (3 patients of this series) (Fig. 11 ).
CONCLUSION
Shelf arthroplasty by minimal approach is possible and simple. The operative complication rate is limited, the reeducation facilitated, and the operation well accepted. The shelves having healed in a good position should give identical results in a long-term period to those already estimated by more classical techniques. The simplicity of the technique should allow an extension of the indications to more advanced osteoarthritis occurring in patients too young for a total hip prosthesis. 
